We work with commercial nanoparticles and therefore expect excellent cycle stability; however, we test long term cycle stability of our nanoporous particles. Figure S4 and the parameters are tabulated in Table S1 .
LTO particle
Electronic current conduction in the particle is given by Ohm's law:
where ! is the electronic conduction coefficient of the electrode material and ! the particle potential. During lithiation, spinel Li 4 Ti 5 O 12 is converted to rocksalt phase Li 7 Ti 5 O 12 and the electrical conductivity is dramatically enhanced to 10 -2 Scm -1 . [37, 38] The diffusion of the lithium ions inside the microsphere is found by solving Fick's Law:
where ! is the diffusion coefficient of the lithium ions in the LTO, ! the lithium ion concentration in the LTO, and the flux.
Electrolyte
The initial lithium ion concentration in the electrolyte is 1 mol l -1 to agree with the experimental LiPF 6 salt concentration. The differential equation governing mass balance for the salt concentration in the electrolyte ! is given by
where ! is the total lithium ion source term, which is defined by the applied current density, ! is the diffusion coefficient for the electrolyte, and F is the Faraday constant. The transport number ! describes the fraction of charge carried in an electrolyte by the positively charged lithium ions. The current for lithium in the electrolyte is given by Ohm's law with a concentration variation:
where ! is the electrolyte potential, and is the activity coefficient for the salt, which is a factor to account for deviations from the ideal behavior in a mixture of chemical substances.
Electrolyte-Particle Interface
The Butler-Volmer equation, which relates gives the current density in the electrode for an applied potential ! and, is solved at the particle-electrolyte interface:
The exchange current density is represented by ! , where ! and ! are the rate coefficients for the cathodic respectively the anodic reaction, ! and ! represent the transfer coefficients for the cathodic and anodic reaction. The value ! is the lithium ion concentration inside the electrode particle, and the maximum amount of lithium ions inside the electrode is defined by !,!"# . The overpotential is the difference between the electrode and electrolyte potential
Figure S4
The simulation environment created in COMSOL Multiphysics consists of a single particle made of ellipsoids. Numbers in the figure correspond to the numbers of equations in the text that are used to describe the interfaces and environments. 
